In earlier papers of this series we have reported the observation of specific antibodies against Bacterium pneumosintes in the blood serum of experimentally infected rabbits. Thus, specific agglutinins were detected after the intratracheal injection of the active agent of the nasopharyngeal secretions of influenza patients, after the intratracheal or intravenous injection of living cultures of Bacterium pneumosintes,l and after the subcutaneous injection of killed cultures of this microorganism. 2 It is evident from the results of these experiments that the reaction of the animal body to Bacterium pneumosintes involves the production of the antibodies that are commonly recognized by serological tests. We have no reason to suppose, therefore, that the mechanism of protection against this organism, of which we have evidence in the immunity reactions already described, 3 differs from that which comes into play in the case of infections with aerobic pathogenic organisms. ' Bacterium pneumosintes has been found only in the nasopharyngeal secretions of influenza patients, in the early hours of the disease. The question arises whether the presence of the organism induces a specific reaction on the part of the host. Evidence of such a reaction is to be sought in the presence of antibodies in the blood. As has already been stated, the opportunity to test the blood serum of patients convalescent or recently recovered from influenza during the epidemic 10litsky, P.
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Method.
The specimens for examination were collected with sterile precautions and the sera were stored at 4 0 C. without preservative. It was anticipated that low dilutions of serum would be required in the tests and therefore specimens which showed any hemolysis or any opacity due to fats were discarded. We have pointed out that Bacterium pneumosintes is a stable organism with a narrow acid flocculation zone and that even prolonged immunization of rabbits yields an immune serum of relatively low titer (1:16 to 1:32). It was not to be expected that antibodies against Bacterium pneumosintes would be demonstrable in high dilutions of human serum, whatever the significance of their presence might be. In order to obtain results as clear-cut and unequivocal as possible we had recourse to a method of agglutination recently described by Northrop and De Kruif. 4 These authors show that the addition of serum or other proteins to suspensions of certain thoroughly washed bacteria, suspended in buffer solutions at various hydrogen ion concentrations, widens their zone of acid agglutination and changes the isoelectric point of the bacteria to that of the added protein. Practically, this means that microorganisms, washed and suspended in a buffer solution at a hydrogen ion concentration just to the alkaline side of the isoelectric point of an immune serum, are rendered more sensitive to specific agglutinins and consequently respond more readily by flocculation than would ordinarily be the case. If the hydrogen ion concentration of the buffer solution is properly chosen, the specificity of the agglutination reaction is not impaired. Thus, Table I illustrates the reactions of two strains of Bacterium pneumosintes, tested in immune and in normal rabbit sera by the methods described below.
Northrop and De Kruif's observations were applied to our problem as follows:
Anaerobic cultures of Bacterium pneumosintes in ascitic fluid or dextrose broth with a fragment of rabbit kidney were used in amounts of 1 cc. to seed 100 cc. Florence flasks of B. coli broth 5 which were incubated under a petrolatum seal for 3 to 5 days, according to the growth obtained. The organisms were concentrated with the centrifuge, killed by heat at 56 0 C. for 30 minutes, and washed three times with distilled water. This concentrated stock suspension was standardized by opacity 6 and diluted to a staphylococcus equivalent of 1 to 1.2 billion organisms per cc. 2 with Northrop and De Kruif's buffer solution' at pH 6.3. The buffered suspension was preserved with thymol crystals. In the tables + + + indicates complete agglutination with a clear supernatant fluid; ++, almost complete agglutination with a slightly clouded supernatant fluid; +, distinct agglutination with a clouded supernatant fluid; -, no agglutination or serum flocculation; and 0, no test. 5 Olitsky, P. K., and Gates, F. L., J. Exp. Med., 1922, xxxv, 813 . The B. coli broth was prepared as follows: Nutrient broth, made of beef infusion, with 1 per cent peptone and 1 per cent dextrose, in lots of 100 cc., was seeded with 0.1 cc. of a 24 hour culture of B. coli communis, grown in the same medium. As soon as the faintest haze due to growth became visible, usually after 1 to 3 hours at 37°C., the flasks were layered with petrolatum, and placed in the Arnold sterilizer at 100 0 C. for 30 minutes. This treatment killed the organisms and established anaerobic conditions under the petrolatum seal. The rapidly cooled flasks were then ready for inoculation with B. pneumosintes.
e Gates, F. L., J. Exp. Med., 1920, xxxi, 105. 7 Most of the agglutination tests with human serum were made at a serum dilution of 1:10. Less frequently dilutions of 1:20 and 1:40 were included also. The dilutions were made by adding undiluted serum in amounts of 0.1, 0.05, and 0.025 cc., delivered from a fine, sterile, capillary pipette attached to a 0.5 cc. tuberculin syringe, to 0.9,0.95, and 0.975 cc. of the buffered bacterial suspensions in 1 by 10 cm. tubes. In each instance the tip of the pipette was immersed in the suspension, since formed drops do not measure accurately such small amounts of fluid.
Control tubes were also set up of the buffered bacterial suspension and salt solution, without serum, and of the serum and buffer solution without bacteria. These last controls were required because a serum was occasionally found which was itself precipitated at pH 6.3. Such serum precipitation might simulate bacterial agglutination, or sweep the bacteria out of suspension, and the few samples which showed this reaction were therefore discarded.
The experimental and control tubes were then shaken and incubated in a water bath for 16 to 20 hours at 43 0 C. before macroscopic reading.
Two strains of B. pneumosintes were used in the tests. Strain 17 was obtained directly from the filtered nasopharyngeal secretions of an influenza patient in the first wave of the epidemic. Strain 34 was obtained from the affected lung tissue of a rabbit injected with the nasopharyngeal washings of a patient in the third (1922) outbreak of influenza.
Agglutination Tests.
Three series of tests were performed: the first with the serum of convalescent patients 10 to 20 days after the onset of influenza; the second with the serum of other patients 3 to 5 months after recovery; the third with serum of persons who gave a history of influenza during the first two waves (1918-19 or 1920) . With these sera were included, as controls, specimens from a number of persons from whom no history of influenza could be elicited.
The results of the first series of tests are collected in Table II . A survey of the table shows that the serum specimens of twelve of the fourteen persons examined shortly after an attack of influenza contained specific agglutinins for Bacterium pneumosintes. When tested, those sera which agglutinated the organisms completely or almost completely in a dilution of 1:10 showed distinct agglutination in a dilution of 1:20 also. Attention may be clled to the fact that the 1919 and the 1922 strains of Bacterium pneumosintes reacted with these sera in an identical manner. This antigenic identity of old and new strains has already been pointed out. 8
The results of the tests on the three samples of serum from Case 37 are of particular interest. 2 months before an attack of uncomplicated influenza, the serum of this person was obtained as a normal control and found to contain no agglutinins for Bacterium pneumosintes. Then the attack of influenza supervened and 10 days later agglutinins had appeared in the patient's serum.. A third serum specimen, obtained 89 days after the onset of influenza, showed the persistence of agglutinins in the blood.
This persistence of agglutinins in the serum is illustrated by the second series of tests, made with sera obtained from five other persons who had recovered from influenza 3 to 5 months previously. The ------308 NASOPHARYNGEAL SECRETIONS FROM INFLUENZA. XI results of these tests are shown in Table III . They were controlled with specimens of immune and normal rabbit serum, positive human serum (Nos. 33 and 37), buffer solution plus serum (shown in the table), and bacterial suspension plus salt solution.
That the agglutinins against Bacterium pneumosintes which are found in the blood serum of persons convalescent or recently recovered from influenza do not persist indefinitely thereafter is shown by the results of tests in a third series. In this group were included serum specimens from ten persons who gave a history of an attack of influenza during the epidemic waves of 1918-19 or 1920. In three instances the illness was complicated by a secondary pneumonia. In none of these sera were specific agglutinins demonstrated. It was not easy to select as controls a series of persons who had unquestionably not had influenza during the past 3 years. Most of the controls were chosen from patients, mainly suffering from chronic cardiac ailments, who had spent months or years in institutions and who gave no history of influenza during the recent prevalence of the disease. Serum specimens from twenty-two such persons gave negative results in agglutination tests identical with those described above.
We have, therefore, to contrast to these twenty-two negative controls, agglutination tests with serum specimens from nineteen persons with a history of influenza in the 1922 wave. Seventeen of these specimens specifically agglutinated two strains of Bacterium pneumosintes, one obtained during the first epidemic wave and the other obtained in 1922. On the other hand, the sera of ten persons who had influenza during the 1918-19 or 1920 waves of the epidemic contained no similar agglutinins.
The findings in the case of one other person are difficult to classify. They concern one of us whose serum, obtained in 1921, contained no agglutinins against Bacterium pneumosintes. A recent (1922) specimen, however, in a dilution of 1:10, showed a + agglutination of both old and new strains. During this interval he has been working with Bacterium pneumosintes almost constantly and it is not unlikely that an accidental mild infection may have occurred. Whether this happened, or whether one of several transitory ailments was a mild or abortive influenza, cannot be stated. Hence it is not possible to classify him either as an influenza patient or as a normal control.
Precipitin Reactions.
Precipitin tests were also performed with a number of the available sera as a check on the specificity of the agglutination reactions. The precipitinogen was prepared from a dialysate culture' of a 1922 strain of Bacterium pneumosintes (Strain 36) several months old which was filtered through a Berkefeld N candle to obtain a clear antigen. This antigen was carefully layered on clear, non-hemolyzed, undiluted serum specimens by drawing first the filtrate and then the serum up into a glass capsule of 2 mm. bore. This method produces a sharp line of junction in which the slightest cloud is easily detected between the clear columns above and below. The prepared capsules were incubated in a vertical position for 1 hour at 55 0 C. and placed over night in the ice box at 4C. Controls for the antigen consisted of normal, and of known positive rabbit serum from actively immunized animals.
Precipitin tests were performed on the sera of ten patients, collected 10 to 20 days after an attack of influenza, in which specific agglutinins for Bacterium pneumosintes had been found. In each of these tests a clearly marked zone of opacity developed at the juncture of serum and pneumosintes antigen. With the sera from Case 37 ( Table II) the precipitin reactions paralleled those of agglutination. The specimen obtained before the attack gave a negative test; the two samples obtained after the attack reacted positively. Two positive precipitin reactions occurred among the five sera obtained from 3 to 5 months after recovery from influenza. The serum specimens of seven normal control persons gave negative results.
SUMMARY AND CONCLUSIONS.
Although Bacterium pneumosintes is a stable organism which agglutinates only in low dilutions of the serum of actively immunized rabbits, the serological reactions of this microorganism have always been found to be consistent and specific. The results of the agglutination and precipitation reactions described in this paper indicate that the serum of normal persons does not contain demonstrable agglutinins or precipitins for Bacterium pneumosintes. By contrast, agglutinins have been demonstrated in the serum of seventeen persons among nineteen who were examined from 10 days to 5 months after recovery from epidemic influenza. The serum of ten persons who had influenza, followed in three instances by pneumonia, 2 to 3 years before, proved negative. In one instance the appearance of specific agglutinins against Bacterium pneumosintes was found to be coincident with an attack of uncomplicated influenza. In twelve of fifteen instances in which agglutinins were found, precipitins against Bacterium pneumosintes were demonstrated also. It is noteworthy that these antibodies may persist in the blood at least 5 months after recovery from the disease.
